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ABSTRACT 
 
Fermented foods and beverages play an important role in the human diet as they provide 
essential nutrients as well as contribute towards prevention of diseases. Lactic acid bacteria and 
yeasts are a major group of microorganisms associated with fermented products. Some of the 
microorganisms, known as probiotics, confer health properties to human health. Thus, many 
different types of fermented foods and beverages containing probiotics are produced around the 
world to support wellness and health. In recent years, there has been increased interest in the 
development of fermented functional plant-based foods and beverages due to a surge in 
scientific research of the products. Further, there is evidence that probiotic microorganisms can 
grow well in plant-based substrates.  
Water kefir is a sparkling fermented beverage with an acidic, sweet, slightly alcoholic 
taste, and a yeasty flavour. Water kefir fermentation can be achieved by the inoculation of water 
kefir grains as a starter culture into a solution containing sugar. Kefir grains consist of a 
symbiotic starter culture of lactic acid bacteria (LAB) and yeasts contained in a polysaccharide 
matrix. Microorganisms present in kefir grains are recognized as probiotics. The majority of 
previous studies have focused on the isolation and identification of water kefir cultures 
responsible for fermentation. There is, therefore, scanty information on the fermentation of 
plant-based water kefir beverages. The main objective of this study was to develop fermented 
black tea beverage using water kefir grains as a starter culture. 
Fermentation of black tea infusions as single and mixed substrate with carrot juice using 
water kefir grains were investigated. Microflora of water kefir grains used consisted of 
symbiotic starter culture of lactic acid bacteria (Lactococcus spp. and Lactobacillus spp.) and a 
yeast (Saccharomyces cerevisiae). The study was conducted in three main phases. The first 
phase investigated the effect of sucrose concentration (5% and 10%) and fermentation 
temperature (25°C and 30°C) in black tea water kefir fermentation for 72 h. Meanwhile, the 
effect of added carrot juice (5%, 10%, and 15%) on kefir beverage during secondary 
fermentation (24 h) at 25°C was investigated in the second phase. The stability of the final black 
tea water kefir beverage formulation during storage (4°C) for four weeks was investigated in 
phase three. Samples of black tea water kefir beverages were subjected to various analyses 
during fermentation and storage (4°C) for 4 weeks: titratable acidity, total soluble solids (°Brix), 
colour, viable cell counts of constituent starter culture, sensory evaluation, sugars, organic acids, 
antioxidants, and pH was also measured.  
Results showed that fermentation temperature, sugar concentration, and carrot juice 
concentration contributed to the physico-chemical and microbiological characteristic as well as 
sensory properties of the product. In phases one and two, pH and total soluble solids (°Brix) 
decreased, while titratable acidity and cell counts of LAB and yeasts increased during 
fermentation of the products. LAB and yeasts were able to grow in black tea and addition of 
carrot juice into the beverages slightly increased their growth. The best fermentation conditions 
based on physico-chemical and sensory properties were kefir beverage containing sugar (10%) 
and carrot juice (10%) fermented at 25°C for 96 h. In phase three, the growth and survival of 
Lactococcus spp. and Lactobacillus spp. were low during storage of the product (4°C) while 
Saccharomyces cerevisiae maintained high cell numbers (7.03±0.07 log cfu/ml) at the end of 
storage (28 days). Results showed the possibility to produce low sugar water kefir beverage 
containing 0.08±0.01% (w/v) sucrose, 1.55±0.04% (w/v) glucose, and 2.93±0.20% (w/v) 
fructose. The fermented kefir beverage also contained 0.202±0.02% (w/v) lactic acid, 
0.114±0.03% (w/v) acetic acid and some antioxidants (gallic acid, ECG, EGC, EGCG, 
theobromine and caffeine) which may be beneficial to human health. There was significant 
difference (p<0.05) in the colour (L*, a*, b*) of the fermented beverages during storage (4°C).  
Black tea water kefir beverage containing 10% sugar and 10% carrot juice fermented at 
25°C for 96 h was well-liked by consumer sensory panellists. 
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